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Brain Stimulation for Therapy

VNS 
Vagus Nerve 
Stimulation

DBS
Deep Brain 
Stimulation 

MST
Magnetic
Seizure
Therapy

ECT
Electro-

convulsive
Therapy

TMS
Transcranial Magnetic

Stimulation

tES
Transcranial Electrical Stimulation

Transcranial Direct Current Stimulation (tDCS), 
Transcranial Alternating Current Stimulation (tACS) 

Transcranial Random Noise Stimulation (tRNS)

tVNS
Transcutaneous Vagus Nerve 

Stimulation 

Invasive Brain Stimulation Convulsive Brain Stimulation
Non-invasive Transcranial
Brain Stimulation (NTBS)

Resting state fMRI connectivity across 
disorders: DBS and NTBS converge

Fox et al. PNAS 2014



Transcranial Direct Current Stimulation (tDCS)
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Philip et al. Am J Psychiatry 2017

tDCS: 
Increasing 

endogenous 
and exogenous 

brain activity 



Polarity-dependent modulation of motor 
cortex excitability (MEP amplitudes) 

during and after tDCS
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Electrode positions:

m = motor cortex; prm = premotor
cortex; pom = post-motor cortex; oc
= occipital; cS = contralateral
forehead; cm = kontralateral motor
cortex
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MEP amplitudes depending on stimulation 
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Jackson et al Clin. Neurophysiology 2016

Vorführender
Präsentationsnotizen
Ad 3: hier Erweiterung in andere Verbünde möglich
NIBS in ESPRIT (C2: Efficacy and mechanisms of transcranial direct current stimulation (tDCS)-enhanced cognitive training in schizophrenia, C. Plewnia, A. Fallgatter, A. Hasan) 
ESCAlife (ESCAstim, A. Fallgatter, Tübingen)

Ad 4: auch hier Vernetzung mit anderen Konsortien denkbar
- z.B. Bildgebung (krankheitsbezogene Konnektivität)�
Ad 5: krankheitsbezogene Vernetzung mit OptiMD und PROTECT-AD



Gellner et al. Brain Stimulation 2019

• Anodal direct current stimulation 
(DCS) rapidly increased dendritic 
spine density in the sensorimotor 
cortex in vivo when combined with 
electrical forepaw stimulation (eFS).

• Changes outlasted the intervention for 
24 h. This effect was due to increased 
survival of original spines and a 
preferential formation of new spines 
after intervention. 

• The DCS-induced spine density 
increase was absent in mice with 
reduced BDNF expression.

DCS-induced synaptic plasticity: structure follows function

F G



Depressive Disorders



Computational electric field models and 
tDCS montage

• Mathematical models of 
electrical fields may 
guide electrode 
positioning.

• Stimulated regions vary 
with head size.

• Distance between 
electrodes may be 
critical.

Seibt et al. Brain Stimulation 2015



• Patients
- 120 patients, 18-65 years
- HDRS 17 > 17
- No ADs at baseline

• Interventions
- Sertraline 50mg/day.
- 12 tDCS sessions (2-mA, 30-min). 

Sham tDCS/
Placebo

Sham tDCS 
/Sertraline

Active tDCS 
/Placebo

Active tDCS/ 
Sertraline

• Primary aim
- To assess the combined efficacy 

of tDCS + AD compared to tDCS, AD 
or placebo. 

Factorial design

Brunoni et al. JAMA Psychiatry 2013

Trial 1: Antidepressant efficacy of combined 
tDCS/sertraline (SELECT-tDCS trial, n=120)



Nitsche et al., 2009

Single citalopram dose

Kuo et al., 2016

Chronic (>2weeks) of citalopram

tDCS plasticity enhanced by SSRI



Brunoni et al. JAMA Psychiatry 2013

Antidepressant efficacy of combined 
tDCS/sertraline (SELECT-tDCS trial, n=120)

daily tDCS
(10 sessions)

week 4 rating 
+ tDCS

week 6 rating 
+ tDCSwash 

out

Vorführender
Präsentationsnotizen
Schön kurz....;-)


Diagramm1
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		Sertraline		Sertraline
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Sheet1

				Response		Remission

		Placebo		16.7		13.3

		Sertraline		33.3		30

		tDCS		43.3		40

		Combined		63.3		46.7

				To update the chart, enter data into this table. The data is automatically saved in the chart.







• Patients: 245 patients, 18-75 years
HDRS > 17, no AD at baseline

• Interventions: Escitalopram 20mg/day for 10 
weeks, 

22 tDCS sessions (2 mA, 30-min): 3 weeks consecutively, 
then once a week until week 10. 
Omni-Lateral-Electrode (OLE) positioning (Soterix)

Active 
tDCS

Placebo 
pill

Sham 
tDCS

Escitalo-
pram

Sham 
tDCS

Placebo 
pill

Randomization

Non-inferiority design with placebo
Brunoni et al. New England Journal of Medicine 2017

Trial 2: The Escitalopram versus Electric Current Therapy for Treating
Depression Clinical Study (ELECT-tDCS): a non-inferiority, triple-arm, 

placebo-controlled clinical trial



ELECT-TDCS: Main outcome

Response rates: Placebo 22%, tDCS 41%, Escitalopram 47% 
Remission rates: Placebo 13%, tDCS 24%, Escitalopram 30% 

Brunoni et al. New Engl J Med 2017



N=120 (6 sites), 2 arms (active tDCS, sham tDCS)
ClinicalTrials.gov: NCT01562184

Major depressive episode (DSM-IV) with duration of at least 4 weeks

4 weeks sham controlled, 4 weeks open label (active), 2 weeks taper phase,
2,5 mA, 30 min, anode F3, cathode F8
Sham: ramp up 1 mA 10s, ramp down 1 min, further ramp up/down to 0.5 mA at 10 und 20 min, 
constant current 0.034 mA 

Primary outcome: MADRS

Alonzo et al. Contemporary Clinical Trials 2016

Trial 3: Australian-US trial: A Controlled Trial of tDCS
as a Treatment for Unipolar and Bipolar Depression

Loo et al. Brain Stimulation 2018



Loo et al. Brain Stimulation 2018

Australian U.S. RCT of tDCS in depression 
Primary outcome: change in MADRS score (4 weeks)  



Unipolar Depression Bipolar Depression

Loo et al. Brain Stimulation 2018

Australian U.S. RCT of tDCS in depression
unipolar vs bipolar depression  



Loo et al. Brain Stimulation 2018

Australian U.S. RCT of tDCS in depression 
Adverse effects



Antal et al. Clinical Neurophysiology 2017

Safety and Application
Guidelines 



Aktuelle Entwicklungen und Perspektiven



The person and
the disease

The intervention

NTBS: „Dosage at Target“

Personalized therapy instead of
“one size fits all” approach?

Gene x Environment
State x Trait (system level)

• Technical parameters and 
their interaction with 
targets: Sites, circuits, 
cells, states, dynamics

• Combining NTBS and 
training or psychotherapy?



Mueller et al., Neuron 2013

Intersubject variability of resting state functional connectivity

Finn et al, Nature Neuroscience 2015

n = 126
HCP data

93-94%
99%

Sophia Stöcklein 
née Müller 



Fox et al. Neuroimage 2013

Interindividual 
Variation

Resting state fMRI connectivity: 
Cg25 (DBS) and left DLPFC (rTMS)

Fox et al. PNAS 2014

DBS ROI (Cg25) rsfMRI signal for DBS ROI (N=1.000)

whole brain DBS 
correlation map

NIBS ROI (left DLPFC)



Mechanisms of action of tDCS
in transdiagnostic comparison between psychiatric disorders

Project (1) - Results

 Baseline volume of PFC is associated with improvement of
depression after tDCS

 No association of functional connectivity of structurally based
regions and depression improvement

Bulubas et al. 2019; Brain Stim
12(5):1197-204

Resting state functional connectivity

Regional volume

 Globally
Bulubas et al. 2021 Eur Arch Psychiatry 
Clin Neurosci. 271(1):123-134

* * **

 Locally
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Lucia Bulubas, Daniel Keeser

Vorführender
Präsentationsnotizen
-> highlight tdcs



Highlight

SimNIBS version 2.0.1.
(Thielscher, Antunes & 
Saturnino, 2015)

Positions of mastoids, 
nasion and inion given 
to EEG script. F3 & F4 
coordinates 
calculated. 

Electrodes positioned at 
F3 (2mA) & F4 (-2mA). 
Minor adjustment 
manually.

Yuki Mizutani, Shun Takahashi et al. in preparation

Transdiagnostic comparison in a computational model of  
tDCS induced efields using SimNIBS

E-fields at 50, 75, 90, 95, 99 and 
99.5 percentiles

T1 w structural MRI images 
(Magneton Skyra, 3T)
Diagnostic groups:
24 Scz
25 MDD
25 HC

Scans loaded onto SimNIBS
• Investigator 1: S.H., investigator 2: 

Y.M.
• Blinded for diagnostic groups

Vorführender
Präsentationsnotizen
The shape, size and thickness of the electrodes and sponge

Python script released by the SimNIBS developers
(position and direction)


V/m = 1 v/m is a potential difference of 1 V existing between 2 points that are 1 m away
S/m = Siemens per meter



norm
E

0

0.425

0.85

(V/m)

• Inter-individual difference is big within subject groups
• Stimulation of Rater 1 is more anterior and the e-field tends to be stronger

Inter-individual difference (native space)

R L

Transdiagnostic comparison in a computational model of  
tDCS induced efields using SimNIBS

Mizutani, Takahashi et al. in preparation



GCBS-WP7: The DepressionDC Trial
tDCS as Treatment for Major Depression – A Prospective Multicenter 
Double Blind Randomized Placebo Controlled Trial

Adjunctive investigations:
Genetic/epigenetic 
(all centers)

Mosaic: e.g. Munich - MRI/fMRI (resting 
state, DWM task), Theory of Visual 
Attention (TVA) paradigm (Finke et al. 2005)

active tDCS (n=76)
concomitant SSRI 

placebo tDCS (n=76)
concomitant SSRI 

Treatment Period (6 weeks)

Week 1-4: 
5xtDCS/week

Week 5-6: 
2xtDCS/week

Follow-up Period 
Visits: 3  and  6 mo
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Screening Baseline

MDE
 duration of ≥4 

weeks
HDRS-21 ≥15 
 1 to 4 failed 

antidepressant 
trials
SSRI of 

adequate dose 
and ≥4 weeks

Primary outcome: MADRS

ClinicalTrials.gov Identifier: NCT02530164 Padberg et al. Eur Arch Psychiatry Clin Neurosci. 2017

Vorführender
Präsentationsnotizen
Schön kurz....;-)



Munich November 2012: 1st tDCS group therapy for enhancing psychotherapy in smoking cessation



WP6: PsychotherapyPlus Study

Adjunctive investigations:
Genetic/epigenetic (all centers)

Mosaic: e.g. Berlin - MRI/fMRI (resting 
state, emotional n-back task)

Combined group psychotherapy and
active tDCS (12 sessions, n=64) 

Combined group psychotherapy and 
sham tDCS (12 sessions, n=64) 

Treatment Period (6 weeks) Follow-up Period 
Visits: 3  and  6 mo
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Screening Baseline

MDE
HDRS-21 ≥15 
 incomplete 

antidepressant 
trial (level 1-2 
on ATHF) 
and/or 
preference for 
psychotherapy
SSRI or 

mirtazapine of 
adequate dose 
and ≥4 weeks

Group psychotherapy only
(12 sessions, n=64) 

Primary outcome: 
MADRS

ClinicalTrials.gov Identifier: NCT02633449

M. Bajbouj, S. Aust
Charité Berlin

Vorführender
Präsentationsnotizen
Schön kurz....;-)



Low Tech NTBS als Home Treatment?



The DiSCoVeR Project: 
Cognitive control videogame 
and home-based, self-
administered tDCS in MDD



• tDCS Entwicklung als „neues“ Hirnstimulationsverfahren seit 2000 

• Grundsätzlich anderes Wirkprinzip als bei der rTMS, aber ebenfalls 
Stimulation präfrontaler Hirnregionen 

• Klasse I Evidenz? Datenlage noch heterogen: Drei große (N>100) 
randomisierte kontrollierte klinische Studien, davon in zwei Studien 
signifikante Überlegenheit der tDCS im Vergleich zu einer sham tDCS.

• Positive Meta-Analysen (aber noch kritische Bewertung dieser Evidenzebene)

• Bislang keinen Eingang in die S3-Leitline für Depression

• Potential der tDCS: Sehr nebenwirkungsarme, kostengünstige und für viele 
Settings (inklusive Home Treatment) geeignete Methode, gute translationale
Forschungsmöglichkeiten

• Weitere tES-Formen: tACS, tRNS

Zusammenfassung



Science or Science Fiction?

https://www.youtube.com/watch?v=iOWFXqT5MZ4

Vorführender
Präsentationsnotizen
Ad 3: hier Erweiterung in andere Verbünde möglich
NIBS in ESPRIT (C2: Efficacy and mechanisms of transcranial direct current stimulation (tDCS)-enhanced cognitive training in schizophrenia, C. Plewnia, A. Fallgatter, A. Hasan) 
ESCAlife (ESCAstim, A. Fallgatter, Tübingen)

Ad 4: auch hier Vernetzung mit anderen Konsortien denkbar
- z.B. Bildgebung (krankheitsbezogene Konnektivität)�
Ad 5: krankheitsbezogene Vernetzung mit OptiMD und PROTECT-AD



Danke für Ihre Aufmerksamkeit!

www.gcbs.network

www.elsevier.com/events/conferences/international-brain-stimulation-conference

Vorführender
Präsentationsnotizen
Ad 3: hier Erweiterung in andere Verbünde möglich
NIBS in ESPRIT (C2: Efficacy and mechanisms of transcranial direct current stimulation (tDCS)-enhanced cognitive training in schizophrenia, C. Plewnia, A. Fallgatter, A. Hasan) 
ESCAlife (ESCAstim, A. Fallgatter, Tübingen)

Ad 4: auch hier Vernetzung mit anderen Konsortien denkbar
- z.B. Bildgebung (krankheitsbezogene Konnektivität)�
Ad 5: krankheitsbezogene Vernetzung mit OptiMD und PROTECT-AD
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